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1. Introduction 


The aphid genus Stomaphis (Walker) (Aphi- 
doidea, Lachnidae) comprises about 30 species, 
remarkable for their large body size and very long 
rostrum. Such a long rostrum, much longer than 
the body, enables them to probe through the bark 
of trees, mainly deciduous, on which they feed. 
On the other hand, it strongly disables their es- 
cape in case of any danger. Consequently, to deter 
natural enemies, all the species of this genus 
strongly depend upon their mutualistic relations 
with ants, mostly from the genus Lasius. It may 
also be a reason why these aphids feed in bark 
crevices or under bark in ant chambers, which 
also makes them very difficult to be found by re- 
searchers (Depa 2012, Depa et al. 2012). Given 
their discrete feeding positions, it is not surprising 
that Stomaphis aphids are considered rare. At 
least 5 European species of this genus are known 
only from single sites: S. acquerinoi Binazzi, S. 
juglandis Petrovic, S. knechteli Binazzi et Black- 


man, S. radicicola H. R. Lambers and S. brati- 
slavensis Czylok et Blackman. The latter species 
was found in Šur Natural Reserve (Slovakia), 
which is the type locality. There is no other record 
of its presence in Europe. The species described 
by Czylok and Blackman (1991) feeds on trunks 
of Quercus petrea Liebl., and in its appearance in 
life strongly resembles S. radicicola. The latter 
was described in 1947 by Hille Ris Lambers 
based on specimens collected in Leersum, Neth- 
erlands (Hille Ris Lambers 1947) (Fig. 1). The 
only known aspect of its biology is that it was 
feeding underground on the roots of Betula sp. 
and was attended by the ant Lasius umbratus 
(Nylander). Since its description there have been 
no records or observations of the biology of S. 
radicicola in Europe (Blackman & Eastop 1994, 
www.aphidsonworldsplants.info). 

Since a few species of the genus Stomaphis 
are known only from single sites, in 2011 exten- 
sive field research was undertaken in Poland, 
Czech Republic, Slovakia, Hungary, Austria and 
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Slovenia, to form the basis of molecular and phy- 
logeographic studies. Despite detailed searching 
in its type locality, no colony of S. bratislavensis 
was found. Instead, a single adult female and lar- 
vae of S. radicicola were discovered, i.e. the first 
record of this species since its description. De- 
spite further searching within the locality, no 
other colonies were found. 

Here we present data on the rediscovery of 
this rare aphid species in the Sur Natural Reserve, 
with the description of the collected specimen 
and details on its biology and taxonomical posi- 
tion within the genus, based on a molecular anal- 
ysis with mitochondrial marker COXI. This 
marker was chosen, because it is effective in re- 
solving problems with species identity of aphids, 
the detection of morphologically cryptic species 
and the detection of host-specific lineages 
(Foottit et al. 2008, 2009, Wang & Qiao 2009, 
Kim et al. 2011, Depa et al. 2012). 


2. Material and methods 


The collection site was situated in the Sur Natural 
Reserve, which received its status in 1952 and be- 
came a significant refuge for some most interest- 
ing forms of wildlife at the foot of Malé Karpaty 
Mountains. The reserve is situated 12 km north of 
Bratislava and 5 km away from the small town of 
Svaty Jur. The Reserve comprises two main plant 
communities, distinct for their rarity and species 
diversity: the alder swamp forest (JelSovy les) of 
Alnion glutinosae plant association and the 
xerothermic oak wood (Panonsky háj) of (Quer- 
cion petreae) plant association referred to as the 
Pannonian wood. These two plant communities 
have already been subject to aphidological re- 
search which revealed the presence of 88 aphid 
species (Czylok et al. 1991). 

An oviparous female and two larvae of S. ra- 
dicicola were collected on 2.X.2011 in Sur Natu- 
ral Reserve (Slovakia) (Fig. 1), in an alder forest 
(48°13°54”N, 17°12°33”E). The aphids were 
feeding on Alnus glutinosa (L.) Gaertn., about 1.5 
m above ground level, in a deep crevice of bark, 
partly under it. They were attended by ant work- 
ers of Myrmica rubra (Linnaeus). The aphids 
were whitish and slightly wax dusted. 

For a morphological comparison with S. 
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Fig. 1. Known localities of Stomaphis radicicola in the 
Netherlands (1) and Slovakia (2). 


radicicola, the type material (holotype and 5 pa- 
ratypes) of S. bratislavensis were examined. 
These and the microscope slide of the collected S. 
radicicola adult oviparous female are deposited 
in the collection of the Zoology Department of 
the University of Silesia. 

Molecular analysis of the collected S. radici- 
cola material was conducted to compare its 
barcode sequence COXI with sequences of other 
representatives of the genus available in Gen- 
Bank. The sequences of the following species of 
Stomaphis were used: S. quercus (Linnaeus) (2 
samples from different host plants: Betula and 
Quercus), S. wojciechowskii Depa, S. graffii 
Cholodkovsky and S. longirostris (Fabricius). 
Only single sequences of these species were ap- 
plied, because the barcode sequence within the 
species of this genus is very constant and se- 
quences of particular species differ only by single 
nucleotides (Depa et al. 2012). One sequence of 
S. radicicola was applied because of the lack of 
specimens. The voucher specimens are kept in 
80% ethanol and deposited in Department of Zo- 
ology, University of Silesia. The individuals of 
each species used for the molecular analysis were 
taken from the same colonies as voucher speci- 
mens and were probably members of the same 
clones (Depa et al. 2012). 

Two species belonging to the family Lach- 
nidae, Trama rara Mordvilko and Tubero- 
lachnus salignus (Gmelin), were chosen as the 
out-group. Trama rara was chosen in the out- 
group, because the tribe Tramini is regarded by 
some authors as a sister group for Stomaphidini 
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Table 1. GenBank accession numbers for sequences 
of specimens used in this study. For S. quercus, 
B: collected on Betula, Q: collected on Quercus. 








Species Accession no. 
Trama rara EU701939 
Tuberolachnus salignus EU701942 
Stomaphis graffii JQ302805 

S. longirostris JX137025 

S. wojciechowskii JQ30280 

S. quercus (B) JN944547 

S. quercus (Q) JN944548 

S. radicicola JX863574 





(Czylok 1990). The second out-group species, 
T. salignus feeds on Salicaceae, as do some spe- 
cies of the genus Stomaphis. Their sequences 
used in the molecular analysis were obtained 
from GenBank. The complete list of the taxa and 
the accession numbers of the sequences are pre- 
sented in Table 1. 

The sample of S. radicicola for molecular 
analysis was kept in 95% — 100% ethanol and 
stored at 4°C. Total genomic DNA was isolated 
using DNeasy Tissue Kit (Qiagen) following the 
manufacturer’s instructions. The mitochondrial 
gene COXI was studied. The primers used for the 
PCR amplifications were LCO 1490 and HCO 
2198 (Folmer et al. 1994). The mitochondrial 
gene fragment was amplified as follows: initial 
denaturation at 94°C for 1 min, followed by 35 
cycles of 94°C for 30 s; annealing temperatures 
47 for 45s; extension at 72°C for 1 min; final ex- 
tension at 72°C for 3 min. PCR products were pu- 
rified using a QIAquick® PCR purification Kit 
(QIAGEN) and sequenced directly using an auto- 
mated sequencer (Genome Sequencer GS FLX 
Roche). The studied sequence of S. radicicola 
was deposited in GenBank under accession num- 
ber given in Table 1, where it is presented to- 
gether with the accession numbers of the se- 
quences of other species used for the phylogen- 
etic analysis. The voucher specimens are depos- 
ited in the collection of the Department of Zool- 
ogy, University of Silesia. 

Chromatograms, including sense and anti- 
sense, were analysed using Chromas V2.3 
(Technelysium Pty Ltd. 2004) software. Align- 
ments for the studied sequence were made using 
Clustal X (Thompson et al. 1997). 
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Tree reconstructions based on nucleotide se- 
quences were carried out by maximum-likeli- 
hood (ML) method, neighbour-joining (NJ) 
(Saitou & Nei 1987) and maximum parsimony 
(MP) (Swofford et al. 1996) as implemented in 
MEGA version 5 (Tamura et al. 2011). The ML 
tree was obtained using the general time revers- 
ible model with a proportion of invariant sites 
(GTR +I — General Time Reversible + Invariant 
Sites) (Tamura & Nei 1993), because it scored the 
lowest BIC (Bayesian Information Criterion) 
value when different models of substitution pat- 
tern were tested. The bootstrap consensus tree in- 
ferred from 1,000 replicates was taken to repre- 
sent the evolutionary history of the taxa analyzed 
(Felsenstein 1985). Branches corresponding to 
partitions reproduced in less than 50% bootstrap 
replicates were collapsed. 


3. Results 


3.1. Description of the collected 
Stomaphis radicicola specimen (Fig. 2) 


Body: Oval, 5.92 mm long and 2.9 mm wide at 
maximum, covered with very dense and short pu- 
bescence. 

Head: Sclerotised, medium pigmented; an- 
tennae 2.11 mm long (length of particular seg- 





Fig. 2. Oviparous female of S. radicicola. 
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Fig. 3. Results of Maximum Likelihood of COXI sequences. Bootstrap values are indicated on the branches 
when higher than 50. B: S. quercus collected on Betula, Q: S. quercus collected on Quercus. 


ments: I-0.21, U-0.14, HI-0.56, IV—0.33, V— 
0.38, VI-0.49), constituting 0.36 of body length; 
antennal segment VI 1.29 times the length of 
antennal segment V; II antennal segments with 1 
rhinarium both, IV antennal segments with 3 and 
5 small rhinaria, antennal segments V and VI 
only with single, large and oval primary rhinaria. 
Processus terminalis rounded, 0.07 mm long, 
0.18 of the basal part of antennal segment VI, 
covered with many hairs of the same length as the 
rest of the segment. Labrum covered with many 
short hairs. Rostrum long, telescopic, covered 
with many short hairs (ultimate segments of ros- 
trum missing in the microscope slide). 

Thorax: Weakly pigmented, pronotum and 
mesonotum with small and weakly pigmented, 
paired spinal sclerites, matanotum only with a 
paired group of a few small scleroits; coxae and 
trochanters dark, darker than femora, tibiae pale 
with darker bases and distal apices. Hairs on legs, 
antennae and rostrum slightly shorter than on 
other parts of the body. Hind femora 1.26-1.31 
and hind tibiae 1.82—1.92 mm long. Length (mm) 
of I segment of middle tarsus 0.13, I segment of 
middle tarsus 0.29. Length of I segment of hind 
tarsus 0.13, II segment of hind tarsus 0.38. Ratio 
of II segment of middle tarsus to II segment of 
hind tarsus 1.31. 

Abdomen: Membranous, provided with dark 
intersegmental muscle insertions; Abdominal 
sternites I-VII with five glabrous, distinctly 
sclerotized patches, arranged medially of which 
last one is partially fused with subgenital plate; 
sclerotic patch also on the sternite II, but weakly 
pigmented and broken in the middle. Subgenital 
plate not divided, however with distinct median 
groove of weak sclerotisation. No traces of spinal 
scleroits except for the weakly pigmented cross 
bar on the VII tergite, broken medially, and a ring 


of sclerotisation on the VIII segment. Siphun- 
culus surrounded by large, pigmented cone 0.79 
mm long and 0.53 mm wide, the aperture 0.07 
mm in diameter. Cauda short, rounded, with nu- 
merous hairs, not longer than on other parts of ab- 
domen. 


3.2. Molecular analysis 


The alignment of partial COXI sequences con- 
tained 635bp sites, and the nucleotide frequencies 
were A = 34.33%, T/U = 41.28%, C = 14.21%, 
and G = 10.18%. The estimated transition/trans- 
version bias (R) was 1.80 and there were 68.36% 
of evolutionarily invariable sites. 

The tree reconstructions based on nucleotide 
sequences carried out by the maximum-likeli- 
hood (ML) method proved the species identity of 
S. radicicola and its separateness from the other 
studied species of the genus (Fig. 3). It consti- 
tuted a clade with S. quercus and S. wojcie- 
chowskii, which was the sister clade to S. graffii 
and S. longirostris. In agreement with ML and 
other methods (NJ, MP — not shown), the sister 
relationship of S. radicicola and the clade consist- 
ing of S. quercus and S. wojciechowskii was sup- 
ported by higher bootstrap values, over 90%. 


4. Discussion 


The Sur Natural Reserve is a very interesting area 
for further faunistic research. The occurrence of 
at least two very rare aphid species supports its 
status of a protected area. It may also indicate, 
through the maintenance of rare habitat types typ- 
ical for the region of the Pannonian Basin, that the 
species diversity of this region is still far from 
well known. 
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4.1. Taxonomic comments 
on the morphological and molecular results 


The morphological features of the specimen col- 
lected in Sur match well to the range of variability 
of the specimens described by Hille Ris Lambers. 
Despite the fact, that only a single specimen was 
studied, it cannot be mistaken neither for the 
fundatrix (as that occurs in early spring) nor with 
the alate morph (lack of wings). Furthermore, the 
notable differences with apterous viviparous fe- 
males described by Hille Ris Lambers were re- 
corded: shorter antennae, different ratios of 
length of antennal segments and also the brighter 
groove through the genital plate. The lack of more 
individuals does not allow the study of morpho- 
logical variability within this morph of the spe- 
cies. 

Although the collected specimen was an ovip- 
arous female, both diagnostic features (ratios of 
last two antennal segments (Fig. 4a,b) and second 
segment of hind tarsus (Fig. 4c,d) to middle tar- 
sus) (Czylok & Blackman 1991) allow the dis- 
tinction of this species from both the viviparous 
and oviparous female of S. bratislavensis. These 
two species differ also in other morphological 
characters. 

According to the original description of S. 
bratislavensis there are five ventral patches on the 
abdomen. Yet in fact there are six ventral patches, 
with the last one merged with the subgenital plate, 
and thus it is less visible and can be mistaken as a 
sclerotisation of the subgenital plate. This sixth 
patch can be recognised by its microsculpture, 
which is more rugose and punctuated than that of 
the subgenital plate. In S. radicicola the situation 
is similar, but the first abdominal ventral patch is 
less sclerotised and broken in the middle. The 
shape of these patches is also different in these 
species (Fig. 4e,f). In S. bratislavensis they are 
distinctly longer than wide (length/width ratio is 
1.93 + 0.12) with irregular edges, while in S. 
radicicola they are more oval or even rectangular 
(length/width ratio 1.58 + 0.11) with more uni- 
form edges. 

Generally, among other European representa- 
tives of the genus, the number and shape of these 
ventral sclerotisations of S. radicicola resemble 
those of S. quercus and the newly described spe- 
cies S. wojciechowskii (Depa et al. 2012). The 
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relative similarity of these species was confirmed 
by the molecular analysis (Fig. 3). 

Our cladogram based on the COXI sequences 
(Fig. 3) also shows that S. radicicola is placed be- 
tween the well sclerotised S. quercus and the 
weakly sclerotised S. graffii, which agrees with 
the morphology-based taxonomy. Accordingly, 
the number, shape and degree of the scleroti- 
sations of the ventral plates are good candidates 
for indicators of the phylogenetic relations within 
the genus. Further analysis, supplemented with 
other barcode sequences and other rare represen- 
tatives of the genus (e.g. S. bratislavensis) are ex- 
pected to clarify the importance of these and other 
morphological features, such as ratios of antennal 
segments or tarsal segments (Binazzi & Black- 
man 2003, Depa et al. 2012), in phylogenetic re- 
lations among Stomaphis species. 


4.2. Comments on the ecology of S. radicicola 


The current study brought also new information 
about the biology of S. radicicola. Most species 
of Stomaphis are considered monophagous, but 
S. radicicola was discovered feeding on a differ- 
ent plant genus to the one it was described from. 
Both its host plants, Betula and Alnus, are closely 
related genera belonging to the family Betulaceae 
(Chen et al. 1999) and are typical for the biome of 
broadleaf forests of the temperate zone of the 
Northern Hemisphere. So, this species should be 
regarded as oligophagous, with representatives of 
the family Betulaceae as its host plants, until any 
further host plant associations are recorded. 
Myrmica rubra (Myrmicinae) has not been 
recorded previously attending species in the ge- 
nus Stomaphis. Myrmica rubra is a eurytopic ant, 
particularly abundant in lowlands where it inhab- 
its various habitats, including forests (Colling- 
wood 1979, Czechowski et al. 2002). In forests, it 
is one of the dominant ant species involved in 
mutualistic relations with aphids (Depa & Woj- 
ciechowski 2009). Furthermore, the feeding loca- 
tion of S. radicicola requires the presence of ants 
to deter natural enemies. The original description 
gives information about the attendance by L. 
umbratus, which is an ant species with very cryp- 
tic, subterranean way of life, occurring only 
rarely above ground (Collingwood 1979). It 
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Fig. 4. Morphological differences between S. radicicola (a, c, e) and S. bratislavensis (holotype) (b, d, f). — a, b. 
Antennal segments. — c, d. Hind tarsus. — e, f. Subgenital plate, siphunculi and ventral patches. 


builds nests deep in the ground among roots of trunks in search of food, including colonies of 
trees, where it probably tends root-feeding aphids aphids. Thus, the feeding location of S. radicicola 
such as S. radicicola. In contrast, M. rubra is an on the trunk, when attended by M. rubra, may not 
above ground forager that climbs plant stems or be unusual. 
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